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Summary on attribution of trends in extremes
from IPCC SREX - Managing the Risks of Extreme Events and
Disasters to Advance Climate Change Adaptation (2012)

Temperatures - likely anthropogenic influence on trends in warm/cold
days nights at the global scale. No attribution of trends at regional
scale with few exceptions.

Precipitation — Medium confidence that anthropogenic influences have
contributed to intensification of extreme precipitation at the global
scale.

Floods - Low confidence that anthropogenic warming has affected the
magnitude or frequency of floods at global scales

Droughts — Low confidence in attribution of changes in drought at the
levels of single regions due to inconsistent or insufficient evidence

Tropical cyclones — Low confidence in attribution of any detectable
changes in tropical cyclones

Tornadoes, other severe convective phenomena, extreme winds — Low
confidence in observed trends. No attribution statement provided.



Goal: To provide climate attribution information to
support preparedness, impact mitigation, as well as
improved policy, planning and decision making

Policy, planning, and
decisions to manage
risks are made based
on understanding
(perception) of

What has happened,
Why it happened,
& What is the
likelihood of it /&
happening \
again in the
future

Intes L’-E@é CI|maftE Vauablllty

"ang Summe¥



Missouri River Basin Flooding

Reservoir System
Purposes

Flood Control
Navigation
Hydropower
Irrigation
Recreation

Water Supply
Water Quality
Fish and Wildlife
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Missouri River Basin Flooding, Potential Factors

June runoff was the highest
month on record with 13.8 MAF of
runoff

Missouri Riv
of Ma
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May runoff was the third highest
month on record, with 10.5 MAF
of runoff and highest May ever

July runoff was the fifth highest
month on record, with 10.0 MAF
of runoff and highest July ever

Combined May and June runoff of
24.3 MAF is just short of a normal
annual runoff of 24.8 MAF

Previous late Summer and
pre-freeze up Fall reservoir
releases were based on
climatology
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Missouri River Basin Impacts > $1B
® Agriculture
® Infrastructure: Bridges, Levees, Energy Plants,
® Buried pipes (water, oil, etc...)
® Roads
® Ecosystems
® Sediment Transport
® Environmental

® Transportation Detours

Policy, planning and decision making issues:

Was extreme flooding event due to climate change, natural
variability, odd sequence of extreme events, channel restrictions,
operational flood control management decisiones, ..... What should
be planned for to avoid flooding in the future?



Missouri River Basin Policy Options
informed by climate science

Invest in flood control options: new or enlarged
dams, move, raise or remove levees $

Enhance wetlands as natural buffers $
Expand floodplain $
Dredge river channels $

Congressional changes in reservoir rule curves
recognizing the tension of flood control (empty
reservoirs) and water supply (full reservoirs)




Sacramento River Fall Chinook salmon stock collapse

In April 2008 the Pacific
Fishery Management
Council (PFMC)
adopted the most
restrictive salmon
fisheries in the history
of the west coast of the
U.S., in response to the
sudden collapse of

| Sacramento River fall

¥  Chinook salmon
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Relevant Ocean Conditions for Fall Chinook Salmon

Conditions in the California Current
were quite unusual in the spring of
2005 and 2006, when juvenile salmon
from the 2004 and 2005 broods

entered the ocean

The spring transition was delayed, and
sea-surface temperatures were
warmer than normal

In terms of available nutrients,
the ocean was like a desert
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Fall Chinook Salmon, Potential Factors

NOAA Technical Memorandum NMFS

Low upwelling ocean conditions
Dams and other structural

impediments to migration

Climate change impacts on nutrient S SO
S
Climate variability or change impact e oo s s e

J. Ferguson, J.C. Garza, A.M. Grover, D.G. Hankin, R.G. Kope

on freshwater conditions: Fok el e e e
temperature and/or volume

Decision making process for hatchery
smolt releases

Loss of Estuarine Habitat

Freshwater exports

Pollution Policy, planning and decision making issues: Was

Disease collapse of the due to climate change, natural

Hatchery variability, degraded habitat, over fishing, hatch

Over Fishing management decisions, ..... Should the fishery be
managed differently in the future and why?

NOAA-TM-NMFS-SWFSC-447



Fall Chinook Salmon Fishery Policy, Planning
and Management Options

Invest in estuarine habitat restoration
Restore habitat diversity and complexity throughout the river basins
Limit freshwater diversions and allocate more water supply for streamflow
augmentation

® [ntegrate ocean conditions/productivity information into hatchery smolt
release decision making process
Adjust season length, quotas, bag limits, and implement gear restrictions
Emergency compensation payouts for fishermen and fishing-related
businesses
Temporarily close ocean fisheries s _ S et _

Buy out fishing vessels to " cocapement 2012 Forecast
— (819,000)
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Mediterranean Drought

Mediterranean winter precipitation
anomalies from 1902 - 2010.

Technical Report - 009 - 2007
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Climate and the recent Mediterranean Drought
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Mediterranean Drought Impacts

Maw -nq

® Agriculture
® Water supply quantity and quality

® Urbanization

Water scarcity
® Wildﬁre and drought
® Soil Degradation and Desertification

® Energy Production

® Tourism

® Transportation

Policy, planning and decision making issues:

Has the persistent drought been due to climate
change, natural variability, odd sequence of extreme
events, or land use practices, ..... What can be done
to mitigate future drought impacts?

Irrigation Practices



Mediterranean Drought Policy
Options Informed by Climate Science

The Probability of Mediterranean Drying -- as Large
As Observed Since 1902-- Increased 10-Fold Due to
External Radiative Forcing During 1902-2010:
Attribution
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Water Demand
Management:

The Mediterranean Experience

Global Water
“ Partnership

SST Response to External GHG Forcing has been Key
to Inducing Mediterranean Drying

Technical tools
m |mprove canal

® Pursue a Water Demand Management (WDM)
for sustainable development

streamflow processes;

m |mprove efficiency of
irrigation methods;

® Reduce vulnerability
of agronomical

Institutional framework

Coherent strategic framework
Essential to co-ordinate action and to
make a firm commitment, monitored in the long term

Economic incentives to

save water

m Pricing;

m Quotas;

®m Forms of financial
assistance
(subsidies, assisted

Regulation and offtake

control

m System of offtake
declaration/
authorisation;

®m Provisional
restrictions linked to

models and land use

systems;

v Improve cultivated
species;

v Revise crop
management and
intervals between
harvesting and
planting;

v Choice of crops
and optimisation
of rotation;

m Use of irrigation as a
back-up;

m |[rrigation planning
and management
tools.

Invest in water infrastructure, developing
interregional and international transfers,
increased 'mining’' of non-renewable
groundwater reserves, or using non-
conventional water resources

Optimize water use, minimize losses and reduce
misuses

e integrated management of watersheds

Tools of planning and co-ordination

m Devolved units of management
(basin agencies);

m User and irrigator associations;

m NTIC (water management support
software for an irrigated area).

loans);
m Fees;
m Delink aid from CAP;
m Agri-environmental
measures;
m Cross-compliance.

hydro-climatic
fluctuations
Obligatory metering of
offtake volumes
(above certain
thresholds, according
to type);

Water Police
responsible for control
and reporting
offenders.

Tools of training and awareness

raising

m Campaigns to raise awareness of
farmers and the general public;

m Agricultural advisory service;

m Training of agricultural
professionals, technicians and

engineers.



Attribution-like statements to support policy,

planning and decision making
Communication challenges and opportunities

® ‘Undoubtedly, this extreme event was influenced by climate
change.” (At what timescales does this statement provide
information for early warning to protect lives or property?)

® ‘This kind of event is consistent with what we would expect
with climate change.” (What is the null hypothesis: climate
change is not happening or the event did not happen?)

® “| think people have to appreciate how very bizarre the
weather has been this year (2011). And it’s pretty clear that
for some of those events like heat waves, droughts, really
big intensive rainfall events—those we can connect the dots

to climate change pretty convincingly.” (Is the personal
experience in the lifetime of an individual sufficient?)



Communicating attribution of
extreme weather events

A key concept: the Signal-to-Noise Ratio (SNR)

® The SNR is a measure of the ratio between the mean change
and intrinsic background variability

® For increases in CO,, this ratio is very large ~ 50-100

® For increases in global-average, annual mean temperatures,
it’s ~ 0.8/0.2 ~ 4 (easily detectable)

What is the SNR for extreme events?

17



Key point or Issue for discussion

The signal-to-noise ratio for global and annual-
average surface temperatures evaluated over a

suitably long time period (e.g., decades) can be
large.

However, this does not imply that the signal-to-
noise ratio for short-term weather or extremes, will
also be large. In fact, the latter may be quite small
(< 10%).

Large signal in long-term global average climate

7> Large signal in weather or extremes




Different approaches, different questions when
communicating Extreme Event Attribution

Paraphrasing the ‘Accident investigation analogy’ (credit to Bob Henson)

Adding just a little bit of speed to your highway commute each month
can substantially raise the odds that you’ll get hurt some day. But if an
accident does occur, the primary cause may not be your speed itself: it
could be a wet road or a texting driver. In this approach looks at
accident-causing mechanisms of all types, including speed,

An alternative approach is to measure how much that extra 5 or 10 mph
hikes the odds that you’ll get into a wreck.

Meanwhile, others are playing the role of safety experts pointing out
that, as a rule, extra speed is dangerous.

From a UCAR post “Doping the Atmosphere?”, part of an In Depth series
“Weather on Steroids”.

www?2.ucar.edu/atmosnews/attribution/doping-atmosphere
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Attribution: Timely Delivery of Science

Attribution of NOAA Climate Forecast Performance

7 October 2005 the US House Committee on Science met
to have NOAA explain its hurricane prediction.

e 8@ What Caused the
R - ) N Record 2005

; Hurricane Season?

e " ’L Predictions of tropical activity in the 2005 season

S - CT :‘ = < Source Date TropicalSt Hurricanes Major Hurricanes
uroort I ' e B e~ CSuU Avge1950-0 9.6 5.9 2.3
. R - ™ NOAA Avg 11 6 2
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v - S CSU 1 April 200513 7 3
— NOAA 16 May 2005 12-15 7-9 3-5
T CSu 31 May 2005 15 8 4
NOAA 2 Aug 2005 18-21 9-11 =7
CSU 5 Aug2005 20 10 6

Actual activity 28 15



Attribution: Timely Delivery of Science

Attribution of US Drought

Spring 2006 Senate Commerce Disaster Prevention & Prediction
Subcommittee requested NOAA to explain persistent
drought conditions in the West.

Current US Dep. of Interior is seeking NOAA’s climate expertise
to explain the current decline in Colorado River Flow,
and implications for future EIS.

Are We Past
Peak Water in the West?




Key Question: Natural Variability or Climate Change

Lake Powell Volume in MAF 1963-2007
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